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(57) ABSTRACT 

Adaptive clock recovery enables the clock of a CBR service 
to be recovered, this service being emulated from an ATM 
transmitter, is provided at an ATM receiver. Th e_fill l evelof 
a first buffer r receiving AAtrearn o f c ells is j^pjgyjjfe 
coarse control ofjhe rate of output of a stream ofcellsnom 
the first buffer. The fill l eveLoJL a^fuimer,^ 
receiyir^saj^t ^ the first buffer is moni- 

tored for determining a clock frequency^ corres ponding to 
the servi ce clock freq uency, for outputting cells from the fine 
buffer The 'hrst' buffer fill level control provides low pass 
cell jitter filtering by selectively supplying a first or a second 
clock frequency for outputting cells from the first buffer. The 
fine filter fill level control employs a phase locked loop 
responsive to the current fill level to set a clock frequency 
for reading out said fine buffer at the service clock fre- 
quency. 

25 Claims, 3 Drawing Sheets 
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ADAPTIVE DIGITAL CLOCK RECOVERY 

The invention relates to a method and apparatus for 
digital clock recovery, in particular for a packet oriented 
network environment. s 

An example of a packet oriented transmission technology 
for the realization of Broadband Integrated Service Net- 
works (B1SDN) is the technology called Asynchronous 
Transfer Mode (ATM). This permits services as diverse as 3Q 
voice, data and video to be transmitted through the same 
medium and in the same format. The transport of constant bit 
rate (CBR) data over an ATM network is usually referred to 
as circuit emulation. The accommodation of constant bit rate 
(CBR) services by ATM is particularly important, for com- 35 
patibility with existing systems and future networks, even if 
ATM is more suitable to the transport of bursty traffic, such 
as data. One of the critical issues of circuit emulation is the 
recovery of clock frequency of the source data (the service 
clock frequency) at the receiver. 20 

ATM's basic transport entity is a 53 byte cell. Five of 
these bytes are header bytes, and convey information such as 
link-to-link routing, error correction, service information 
(priority, payload identifier), and cell type identification. A 
protocol stack is defined by ITU-T for ATM technology, in 25 
which the so-called AIM layer performs operations typically 
found in layers 2 and 3 of the OSI model. Above the ATM 
layer is an ATM adaptation layer (AAL), which is divided 
into segmentation and reassembling layers (SAR) and a 3Q 
convergence sublayer (CS). Five different types of AAL 
have been defined by ITU-T, covering various applications. 
The AAL-1 (ATM Adaptation Layer 1) is devoted to CBR 
services. Of the 48 remaining information bytes of an ATM 
cell, one used by the AAL1 SAR for functions including 35 
timing recovery and cell loss detection which leaves 47 data 
bytes (376 bits). To transport a CBR service into an ATM 
network, the data is segmented into cells of 47 bytes, an 
SAR byte is then added to each cell, the 48 bytes are mapped 
in an ATM cell and are then sent through the network. 40 

As a result of statistical multiplexing of cells at the 
source and of queuing delays incurred in ATM switches, 
successive cells arrive to the destination a periodically. The 
deviation from ideal arrival time is called cell jitter or cell 
delay variation (CDV). It obviously increases with the 45 
network load, as queuing delays are functions of the switch 
load. Cell jitter is composed of a relatively high frequency 
stuffing jitter and of a low frequency waiting time jitter. The 
problem with cell jitter is that it can be very large, and except 
for the fact that its average is zero, its characteristics are 50 
mostly unknown. 

The ITU-T has set output clock jitter recommendations 
whereby the frequency shift at 2.048 MHz on service clocks 
is +/-50 ppm (1 ppm-1 part per million-2.048 Hz shift). 

In order to achieve clock recovery, the exact source 55 
frequency should be recovered at the receiver. However, this 
is not straightforward due to the problems of output jitter and 
wander control. Jitter is defined as the higher frequency 
characteristics of a phase variation on a given clock signal. 
Wander is the lower frequency part of this phase variation. 60 
Both are commonly measured in terms of unit intervals (UI), 
where one UI corresponds to one cycle of the clock signal. 
ITU-T recommendation G.823 has precisely defined output 
jitter limits that must be met if the system is to be compatible 
with any CBR equipment. The bounds on maximum peak- 65 
to-peak output jitter for 2.048 Mbitss -1 CBR services are 
shown in Table 1 . 



TABLE 1 

Frequency 20 Hz- 18 kHz 18 kHz- 100 kHz 

Jitter 1.5 UI 0.2 VI 



Wander tolerance is not as well defined as output jitter. 
However, input jitter should not be greater than 36.9 UI 
under 1.2xl(T 5 Hz. 

Two methods exist for the recovery of the service clock 
at a receiver. A first method is referred to as the "synchro- 
nous method" and is based on the availability of a common 
network reference clock between the source and the receiver 
end equipment. This network clock is distributed by the 
network, and is available either through the Synchronous 
Digital Hierarchy (SDH) network or its North American 
version Synchronous Optical NETwork (SONET). 

As not all CBR equipment is able or willing to synchro- 
nize on this network clock, a second method referred to as 
the "adaptive method" recovers the service clock based on 
the fill-level of an incoming cell buffer. 

FIG. 1 of the ac companying drawings illustrates a con- 
ventional adaptive clock recovery mechanism 10 formed 
from a cell buffer 12, a filter 14 and a digitally controlled 
oscillator 16, responsive to an output of the filter 14. As the 
ar rival time of the ATM cells is used tojeecqyer the reception 
r.lrjcVJn^ ihe, rnechanism-Qj^JG. 1. this leads to a new 
problem, as depicted in the FIGS. 2A and 2B. As shown in 
FIG. 2 A, the output frequency fout is too slow. In FIG. 2B, 
the output frequency fout is still too slow, but cell jitter has 
appeared. As a result cell jitter must be filtered to get a 
reasonable accuracy. If it is desired accurately to recover the 
service frequency, the underlying trend in filter fill level 
evolution must be determined, by filtering the cell jitter. 
Given that the permissible range for the service clock is very 
low, (between +/- 50 ppm at 2.048 MHz) and that cell jitter 
can be very high (Bellcore proposed a 750 ms delay, that is 
to say four cells, but this cell jitter can be much higher), the 
result is that noise which can be 10 times higher than our 
signal needs to be filtered. 

Accordingly, there is a need for an improved adaptive 
technique for recovery of a service clock. 

In accordance with a first aspect of the invention, there 
is provided an adaptive clock recovery mechanism for an 
ATM receiver for recovering a service clock transmitted via 
an ATM network, the mechanism comprising: a first buffer 
having an input for receiving successive ATM cells from the 
ATM network and an output; a first buffer fill level controller 
connected to the first buffer for controlling rates of cell 
output from the first buffer to be within a predetermined 
range; a second buffer having an input connected to receive 
cells from the output of the first buffer and an output; and a 
second buffer fill level controller connected to the second 
buffer to cause a rate of cell output from the second buffer 
to be locked substantially to the service clock frequency. 

The adaptive clock recovery mechanism enables the 
clock of a constant bit rate (CBR) service to be recovered at 
an ATM receiver where the service is being emulated from 
an ATM transmitter. 

The provision of the first buffer and the first buffer fill 
level controller enables cell jitter to be filtered prior to 
recovery of the service clock. An embodiment of the inven- 
tion can provide adaptive, digital recovery of the service 
clock at a receiver in a manner which filters the cell jitter and 
recovers the service clock with acceptable clock jitter. 

Preferably, wherein the first buffer fill level controller 
comprises a selectable clock source for supplying a select- 
able one of at least a first and a second clock frequency for 
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ou (putting cells from the first buffer, the selectable clock 
source being responsive to a fill level of the first buffer to 
select a clock frequency. 

The use of first and second clock frequencies dependent 
on the fill level of the first buffer provides a simple control 5 
structure for keeping the rate of output of cells from the first 
buffer within a predetermined range. The first buffer with its 
fill level control thus acts as a low pass filter to reduce high 
frequency cell jitter. 

In a preferred embodiment the first clock frequency has 1(J 
a frequency of from+j ppm and the second clock frequency 
has a frequency of from-j ppm, where fnom is a nominal 
service clock and 2j defines the predetermined range. The 
selectable clock source selects the first clock frequency 
when a fill level of the first buffer is greater than a threshold 
value and selects the second clock when a fill level of the 15 
first buffer is less than the threshold value. 

Although in a preferred embodiment only two clock 
frequencies are used, in other embodiments more clock 
frequencies, selectable in response to fill levels between 
corresponding thresholds could be employed. 20 

The selectable clock source could be a multiple fre- 
quency clock signal generator. Alternatively, the selectable 
clock source can comprise a selector having at least first and 
second clock inputs for respective clock frequencies, a clock 
output for outputting a clock frequency for controlling the 2 s 
reading of cells from the first buffer and a first buffer fill 
level input, the selector being arranged to determine a fill 
level of the coarse buffer and to connect a selected one of the 
clock inputs to the clock output for supplying a selected 
clock frequency for controlling the cell output from the first 
buffer. 

Preferably, the second buffer fill level controller com- 
prises a phase locked loop, the phase locked loop comprising 
a filter connected to the second buffer to determine a fill 
level of the second buffer and a controlled oscillator for 
providing a clock signal for reading cells from the second 35 
buffer, said controlled oscillator having a control input and 
a clock output, the frequency of the controlled oscillator 
being controlled by an output of the filter. 

As the first buffer controls the range of cell rates supplied 
to the second buffer, once locked, the phase locked loop can 40 
provide a stable output frequency locked substantially to the 
service clock frequency fs. 

Preferably, the filter comprises a fill level counter for 
determining a current fill level of the second buffer, a 
memory for a prior fill level value and a comparator for 45 
comparing the current and prior fill levels, the comparator 
outputting a control signal for modifying an output fre- 
quency of the controlled oscillator when the current fill level 
is higher than the prior fill level by more than a first amount 
or is less than the prior fill level by more than a second 50 
amount. The first and second amounts can be the same or 
different, and can be expressed in absolute or percentage 
terms are required. 

Rather than comparing each current fill level sample to 
the immediately previous fill level sample, the prior fill level 55 
is preferably a fill level from a previous modification instant, 
that is the fill level at an instant at which the output 
frequency of the phase locked loop was last changed. 

Preferably, the controlled oscillator is a digitally con- 
trolled oscillator. 60 

Optionally, one or more intermediate fill level controlled 
buffers may be provided in line between the coarse fill level 
controlled buffer and the fine fill level controlled buffer to 
provide different degrees of filtering. 

The invention also provides an ATM receiver circuit and 65 
an integrated circuit comprising a mechanism as set out 
above. 



The invention further provides an ATM receiver com- 
prising a mechanism according as set out above. 

In accordance with another aspect of the invention, there 
is provided an adaptive clock recovery method for an ATM 
receiver for recovering a service clock transmitted via the 
ATM network, the method comprising: 

a) reducing cell jitter in a stream of cells by inputting the 
cells to a first buffer and reading the cells from the first 
buffer at selectable rates depending on fill levels of the 
first buffer to provide course control of the read out 
rate; 

b) passing cells from the first buffer to a second buffer; 
and 

c) monitoring a fill level of the second buffer for causing 
a rate of output of the second buffer to be locked 
substantially to the service clock frequency. 

Preferably, step (a) comprises: 

selectively supplying one of at least a first and a second 
clock frequency for outputting cells from the first buffer 
in response to a current fill level of the first buffer. 

Preferably, step (c) comprises: 

(i) filtering fill level signals from the second buffer; and 

(ii) controlling an oscillator to generate a clock signal for 
reading cells from the second buffer locked substan- 
tially to the service clock frequency. 

More preferably, step (c)(i) comprises: 

determining a current fill level for the second buffer; 

comparing the current second buffer fill level to a previ- 
ously stored prior second buffer fill level; and 

outputting a control signal for modifying an output fre- 
quency of the controlled oscillator when a difference 
between the current and prior fill levels exceeds a given 
amount. 

In one embodiment, step (b) comprises passing the output 
of the first buffer directly to the input of the second buffer. 

Alternatively, step (b) can comprise one or more inter- 
mediate filter steps between steps (a) and (b). 

In accordance with a further aspect of the invention, there 
is provided a method of circuit emulation for CBR services 
over an ATM network, the method comprising, at an ATM 
transmitter, transmitting a stream of ATM cells for a CBR 
source application having a predetermined service clock, 
and, at an ATM receiver: 

a) receiving said stream of ATM cells; 

b) reducing cell jitter in said stream of cells by inputting 
the cells to a first buffer and reading the cells from the 
first buffer at selectable rates depending on fill levels of 
the first buffer to provide course control of the read out 
rate; 

c) passing cells from the first buffer to a second buffer; and 

d) monitoring a fill level of the second buffer for causing 
a rate of output of the second buffer to be locked 
substantially to the frequency of said predetermined 
service clock of the CBR source application. 

An embodiment of the invention will be described 
hereinafter, by way of example only, with reference to the 
accompanying drawings in which: 

FIG. 1 is a schematic block diagram of a proposed 
adaptive clock recovery mechanism; 

FIGS. 2 A and 2B are graphs illustrating the operation of 
the mechanism of FIG. 1; 

FIG. 3 is a schematic block diagram of an embodiment of 
an adaptive clock recovery mechanism in accordance with 
the invention; 

FIG. 4 is a detail of the mechanism of FIG. 3; 
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FIG. 5 is a schematic diagram of an integrated circuit with Tcell=l/fsxScell and where SCell is the size (in bits) 

comprising the clock recovery mechanism of FIG. 2; and of a cell (i.e. 424 bits). 

FIG. 6 is a schematic diagram of an ATM transmitter and The value m which provides the threshold of the selector 

an ATM receiver incorporating the clock recovery mecha- 28 should be at least equal to N and the size of coarse buffer 

nism of FIG. 2. 5 should at least equal to two times N to avoid cell starvation 

FIG. 3 illustrates an example of an adaptive clock recov- and OV crflow which could lead to a dramatic clock recovery 

ery mechanism 20 in accordance with the present invention. situation 

An incoming stream of ATM cells headers can be received To ^ mc pLL ^ thc fiu _ lcvd of thc finc buffcr 34 is 
° m an header extractor 24 connected to receive ATM w £ b ^ If ^ level difference 
cells from a telecommumcatior* line 23^. As shown in FIG. bctwccn ^ fc ^ ^ ^ fc cxcecds 
3, the mechanism 20 comprises two buffer levels, or stages iL , . , iL , . , e c*u mi • j-c j 
21 and 22. The first buffer stage 22 comprises a coarse buffer » thres *° ,d ^ out P ut fre ,1 uenc y 0 j V|f m ° dlfied 
26 which receives the incoming cell 25 and acls as a b *™™? w a 6x6(1 "> crelnem '> as explained with reference 
low-pass filter to reduce cell jitter. A selector 28 is connected t0 7' . , . „ T T 
to monitor the fill level of the coarse buffer 26 (for example ™ G ' 4 illustrates in more detail the structure of the PLL 
by comparing the value of in and out pointers for the coarse 15 40 . and m particular the PLL filter 36. The PLL filter 36 
buffer 26). Hie buffer 26 is configured as a FIFO memory in comprises a comparator (CMP) 44, which compares a cur- 
storage having separate in and out pointers for the next write rent mi l evel determined by a fill level counter 42 to a value 
location and the next read location, respectively. The fill slored in a memory 46. The value stored in the memory 46 
level can thus be determined bv comparing in and out represents the fill level at a previous modification instant, 
pointers of the values. The selector selects either a first 20 Thus, the comparison between buffer levels is not done 
frequency fnom+j from a first oscillator 30 or a second between two consecutive sampling instants, but between the 
frequency fnom-j from a second oscillator 32 to be supplied current instant > and a previous modification instant (i.e., 
to the coarse buffer 26 for controlling the output of cells whcn the PLL output frequency was last modified), making 
from the course buffer 26. Although two oscillators are sure that a decision is taken each time the buffer level vanes 
shown in FIG. 3, the oscillators could be replaced by a single 25 of a quantity greater than thd or less than -thd. Nevertheless, 
oscillator and appropriate frequency modification logic. an urgency procedure is set in order to speed up the PLL 40 
Alternatively, the selector 28 and oscillators 30 and 32 could 0Ut P ut frequency if the fine buffer fill level goes beyond or 
be embodied as a controllable oscillator for outputting either below a S iven limit t0 avoid cases of starvation or overflow, 
the first or the second frequency in response to the input u is t0 be expected that the fine buffer level will raise or 
provided thereto 30 l° we r in significant proportions before stabilizing when lock 

If the level of the coarse buffer 26 is over a given value * achieved, 

m, it is emptied at a frequency of fnom+j ppm. On the other ^ the comparator 44 outputting a control signal for 

hand, if the level of the coarse buffer 26 goes below this modifying an output frequency of the DCO 38 when the 

value, the coarse buffer 26 is emptied at fnom-j ppm. fnom currcnt fil1 level fe hi & ner & an thc P rior fil1 lcvcl bv morc 

is the nominal source frequency (i.e 2,048 Mbits/s for El 35 thaD a amount ( thd ) or * less than the P rior fili level b V 

connection and 1,536 Mbit/s for DS1). The value of j is more than a second amounl (" thd )- ^ first and 

chosen so that the maximum empty frequency stays equal or amounts can be the same or different, and could be 

over the tolerated maximum service clock frequency and the expressed in percentage rather than absolute terms, 

minimum empty frequency stays equal or below the mini- Careful choice of the threshold thd, the values E and i 

mum service clock frequency. Accordingly, the buffer level 40 allows PLL 40 t0 lock in a reasonable time. The stability 

is kept between defined bounds (given by the cell delay of out P ut frequency once lock is achieved, is determined 

variation (CD V)), in normal operating mode. In the long b y ^ threshold thd. To explain the operation of the PLL 40, 

term the average of the output frequency of the coarse buffer assume that lock is achieved at a frequency fnom+e and that 

converges to the source frequency fs. lhe °° ZTSG and ^ buffer are err W at lhe arrival of lhe first 

The output stream of the coarse buffer 26 of the first buffer 45 cclL If lock * thieved, the PLL 40 output frequency toggles 

stage 21 is then fed to a second, fine, buffer 34, in the second between fhom+ai and fnom+(a+l)i, where a is an integer 

buffer stage 22. The buffer 34 is configured as a FIFO S lven by: 

memory in storage having separate in and out pointers for aiSE<fa+i)i 

the next write location and the next read location, respec- ai ~ + 1 

lively. The fill level can thus be determined by comparing in 50 Under normal operation, the coarse buffer 26 output 

and out pointers of the values. The fill level of the fine buffer frequency toggles quite frequently between fnom+j and 

34 is used to drive a phase locked loop (PLL) 40 including fnom-j. On some occasions, however, it can spend signifi- 

a filter 36 and a digitally controlled oscillator 38. Once the cant time at one extreme. 

PLL 40 has achieved lock, and if the PLL filter 36 is properly Assume fout=(a+l)i (locked to a slightly superior 

dimensioned, the output frequency exhibits little variation 55 frequency). 

around fs and on average, stays at fs, with acceptable jitter Then for a given CDV, the coarse buffer output frequency 

performance. Cells are therefore clocked from the fine buffer fc cannot stay fixed to the same value (fn+j or fn-j) more 

26 at 37 at substantially the service clock frequency fs. The than CDV seconds. In the worst case, when fn+j is exactly 

generated clock frequency from the DCO 38 can be output the upper bound on the service clock frequency, fc stays at 

at 39 for subsequent circuit emulation circuitry or the like. 60 its higher value during T seconds. Then TQ-(a+l)i) bits is 

To demonstrate the operation of the clock recovery finally accumulated. For an optimal filtering (i.e. toggle 

mechanism of FIG. 3, consider a worst case scenario, between only two states), the threshold thd must be over this 

namely when a burst of cells is fed into the coarse buffer. The value. An estimation of the maximum value for T, assuming 

maximum size of such a cell burst is given by: the buffer at medium level when the first cell burst occurs 

65 



N=CDV/Tcell 



and CDV>TCell, is given by: 

T-SCeIU((CDV/TCcll>(fnom+j)) 
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The above equation represents the time taken to empty the 
buffer filled with an initial maximum size burst, where SCell 
is the size (in bits) of a cell (i.e. 424 bits). 

The threshold thd should also be large enough that the fine 
buffer level lowering, that goes with long periods without s 
cell arrival, is filtered. 

If CDV is not too large, thd is not higher than 2 or 3 bits 
for most of the time. 

The adaptive clock recovery-mechanism described herein 
could be implemented at least in part by software operating 10 
on conventional computing hardware, although in preferred 
embodiments it is implemented by means of special purpose 
circuit technology. The adaptive clock recovery mechanism 
can be implemented in any appropriate circuit technology, 
typically as an integrated circuit, for example using ASIC 15 
technology in a manner which will be appropriate to one 
skilled in the art. 

FIG. 5 is a schematic block representation of an integrated 
circuit 50 comprising the adaptive clock recovery mecha- 
nism 20 of FIG. 3. In FIG. 5 certain functional blocks are 
represented which are related to the clock recovery mecha- 
nism 20. The integrated circuit 50 can comprise further 
functional elements according to the specific application of 
the integrated circuit. In FIG. 5, a cell receiver circuit 52 
receives cells from an ATM network. The output of the cell 
receiver circuit 52 is passed to an SAR header extractor 24, 
which extracts the header information. The cell data is 
buffered in a cell FIFO 56. The cell header data is passed to 
the adaptive clock recovery mechanism 20 of FIG. 3. 
Further control circuitry 58, not shown, can be associated 30 
with the adaptive clock mechanism 20. The recovered 
service clock 39 output from the adaptive clock recovery 
mechanism is associated with the cell data buffered in the 
cell FIFO 56 and can be passed to circuitry downstream 
thereof. The downstream circuitry can be formed of or 35 
comprise line out circuit 56 for local data output as well as 
other circuitry (not shown). Control signal lines are repre- 
sented by dashed lines in FIG. 5. FIG. 5 also shows a line 
input 62 for local data input, an SAR header generator 64 
and a cell transmission circuit 66 (all of which can be of a 40 
conventional design) for transmitting cells to the ATM 
network. 

The integrated circuit, or discrete circuits, could be imple- 
mented on, for example, a multimedia interface card for 
providing voice, etc. 45 

FIG. 6 is schematic overview of an ATM circuit emulation 
system in which an embodiment of the present invention 
may be incorporated. As shown in FIG. 6, first and second 
interworking function units 72 and 74 communicate with 
each other via an ATM network 76. Each of the interworking 50 
function units 72 includes a clock recovery mechanism as 
described earlier. The clock recovery mechanism 20 can be 
implemented as any suitable device (e.g., an integrated 
circuit with clock recovery logic for implementing the 
functions described above on a computer adapter card). The 55 
first interworking function unit 72 provides an interface 
between a CBR application 78 having a first service fre- 
quency fsl and the ATM network. The second interworking 
function unit 74 provides an interface between a second 
CBR application 80 having a second service frequency fs2 60 
and the ATM network. The clock recovery mechanism 20 in 
the second interworking function unit 74 enables the first 
service clock fsl to be recovered at the second interworking 
function unit 74. The clock recovery mechanism 20 in the 
first interworking function unit 72 enables the second ser- 65 
vice clock fs2 to be recovered at the first interworking 
function unit 74. In this way circuit emulation can be 



performed via the ATM network. The interworking function 
units supporting the CBR applications can be any appropri- 
ate information processing devices as required for a particu- 
lar installation, including, by way of example only, comput- 
ers such as workstations, computer servers, mainframe 
computers, or video equipment, voice equipment, I/O inter- 
face cards for such devices, and so on. 

Thus, there has been described a digital clock recovery 
technique for circuit emulation over an ATM network with 
output jitter reduction. There has been described, at an ATM 
receiver, adaptive clock recovery of a CBR application 
service clock. The fill level of a first buffer receiving a 
stream of cells is used to provide coarse control of the rate 
of output of a stream of cells from the first buffer. The fill 
level of a further, fine, buffer receiving said stream of cells 
from the first buffer is monitored for determining a clock 
frequency, corresponding to the service clock frequency, for 
outputting cells from the fine buffer. The first buffer fill level 
control provides low pass cell jitter filtering by selectively 
supplying a first or a second clock frequency for outputting 
cells from the first buffer. The fine filter fill level control 
employs a phase locked loop responsive to the current fill 
level to set a clock frequency for reading out said fine buffer 
at the service clock frequency. Simulations have demon- 
strated that embodiments of the invention can recover source 
frequency at the receiver, under hard conditions, with jitter 
and wander on the regenerated clocks in the bounds defined 
by ITU-T. Embodiments of the invention are simple to 
implement and do not rely on any external clock. Acquisi- 
tion time of the reception PLL 40 can be significant, but still 
acceptable. 

Although a particular embodiment of the invention has 
been described, it will be appreciated that many 
modifications, alterations and substitutions may be made 
within the scope of the invention. 

What is claimed is: 

1. An adaptive clock recovery mechanism for an ATM 
receiver for recovering a service clock transmitted via an 
ATM network, said service clock having a service clock 
frequency associated therewith, said mechanism compris- 
ing: 

a first buffer having an input for receiving successive 
ATM cells from said ATM network, and further having 
an output; 

a first buffer fill level controller connected to said first 
buffer for controlling rates of cell output from said first 
buffer to be within a predetermined range; 

a second buffer having an input connected to receive cells 
from said output of said first buffer, and further having 
an output; and 

a second buffer fill level controller connected to said 
second buffer to cause a rate of cell output from said 
second buffer to be locked substantially to said service 
clock frequency. 

2. An adaptive clock recovery mechanism according to 
claim 1, wherein said first buffer fill level controller com- 
prises a selectable clock source for supplying a selectable 
one of at least a first and a second clock frequency for 
outputting cells from said first buffer, said selectable clock 
source being responsive to a fill level of said first buffer to 
select one of said clock frequencies. 

3. An adaptive clock recovery mechanism according to 
claim 2, wherein said first clock frequency has a frequency 
of fhom+j ppm and said second clock frequency has a 
frequency of fhom-j ppm, where fnom is a nominal service 
transmission frequency and 2j defines a maximum permis- 
sible range. 
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4. An adaptive clock recovery mechanism according to 
claim 2, wherein said selectable clock source selects said 
first clock frequency when a fill level of said first buffer is 
greater than a threshold value and selects said second clock 
when a fill level of said first buffer is less than said threshold 
value. 

5. An adaptive clock recovery mechanism according to 
claim 2, wherein said selectable clock source comprises a 
selector having at least first and second clock inputs for 
respective clock frequencies, a clock output for outputting a 
clock frequency for controlling the reading of cells from said 
first buffer and a first buffer fill level input, said selector 
being arranged to determine a fill level of said first buffer 
and to connect a selected one of said clock inputs to said 
clock output for supplying a selected clock frequency for 
controlling said cell output from said first buffer. 

6. An adaptive clock recovery mechanism according to 
claim 1, wherein said second buffer fill level controller 
comprises a phase locked loop, said phase locked loop 
comprising a filter connected to said second buffer to deter- 
mine a fill level of said second buffer and a controlled 
oscillator for providing a clock signal for reading cells from 
said second buffer, said controlled oscillator having a control 
input and a clock output, the frequency of said controlled 
oscillator being controlled by an output of said filter. 

7. An adaptive clock recovery mechanism according to 
claim 6, wherein said filter comprises a fill level counter for 
determining a current fill level of said second buffer, a 
memory for a prior fill level value and a comparator for 
comparing said current and prior fill levels, said comparator 
outputting a control signal for modifying an output fre- 
quency of said controlled oscillator when the current fill 
level is higher than the prior fill level by more than a first 
amount or is less than the prior fill level by more than a 
second amount. 

8. An adaptive clock recovery mechanism according to 
claim 7, wherein said prior fill level is a fill level at a 
previous modification instant. 

9. An adaptive clock recovery mechanism according to 
claim 6, wherein an output of said comparator is connected 
to a control input of said controlled oscillator. 

10. An adaptive clock recovery mechanism according to 
claim 6, wherein said controlled oscillator is a digitally 
controlled oscillator. 

11. An adaptive clock recovery mechanism according to 
claim 1, further comprising one or more intermediate fill 
level controlled buffers in line between said flat fill level 
controlled buffer and said second fill level controlled buffer. 

12. An ATM receiver circuit comprising a mechanism 
according to claim 1. 

13. An ATM receiver integrated circuit comprising a 
mechanism according to claim 1. 

14. An ATM receiver comprising a mechanism according 
to claim 1. 

15. An adaptive clock recovery method for an ATM 
receiver for recovering a service clock transmitted via an 
ATM network, said method comprising: 

a) reducing cell jitter in a stream of cells by inputting said 
cells to a first buffer and reading said cells from said 
first buffer at selectable rates depending on fill levels of 
said first buffer to a second buffer; and 

b) passing cells from said first buffer to a second buffer; 
and 

c) monitoring a fill level of said second buffer for causing 
a rate of output of said second buffer to be locked 
substantially to a frequency of said service clock. 



16. An adaptive clock recovery method according to 
claim 15, wherein step (a) comprises: 

selectively supplying one of at least a first and a second 
clock frequency for outputting cells from said first 
5 buffer in response to a current fill level of said first 
buffer. 

17, An adaptive clock recovery method according to 
claim 15, wherein said first clock frequency has a frequency 

10 of fhom+j ppm and said second clock frequency has a 
frequency of fhom-j ppm, where fnom is a nominal service 
transmission frequency and 2j defines a maximum permis- 
sible frequency range for the rate of cell output from said 
first buffer. 

55 18. An adaptive clock recovery method according to 
claim 16, wherein said first clock frequency is selected when 
a fill level of the first buffer is greater than a threshold value 
and said second clock frequency is selected when a fill level 
of said first buffer is less than said threshold value. 

20 19. An adaptive clock recovery method according to 
claim 15, wherein step (c) comprises: 

(i) filtering fill level signals from said second buffer; and 

(ii) controlling an oscillator to generate a clock signal for 
reading cells from said second buffer locked substan- 

25 tially to said service clock frequency. 

20. An adaptive clock recovery method according to 
claim 19, wherein said step (c)(i) comprises: 

determining a current fill level for said second buffer; 
3Q comparing said current second buffer fill level to a pre- 
viously stored prior second buffer fill level; and 
outputting a control signal for modifying an output fre- 
quency of said oscillator when the current fill level is 
higher than the prior fill level by more than a first 
35 amount or is less than the prior fill level by more than 
a second amount. 

21. An adaptive clock recovery method according to 
claim 19, wherein said prior fill level is a fill level at a 
previous modification instant. 

40 22. An adaptive clock recovery method according to 
claim 20, wherein said comparison output forms a control 
input for said oscillator. 

23. An adaptive clock recovery method according to 
claim 15, wherein step (b) comprising passing the output of 

45 the first buffer directly to the input of the second buffer. 

24. An adaptive clock recovery method according to 
claim 15, wherein step (b) comprising one or more inter- 
mediate filter steps between steps (a) and (b). 

25. A method of circuit emulation for CBR services over 
50 an ATM network, the method comprising, at an ATM 

transmitter, transmitting a stream of ATM cells for a CBR 
source application having a predetermined service clock, 
and, at an ATM receiver: 

a) receiving said stream of ATM cells; 
55 b) reducing cell jitter in said stream of cells by inputting 
the cells to a first buffer and reading the cells from the 
first buffer at selectable rates depending on fill levels of 
the first buffer to provide course control of the read out 
rate; 

60 c) passing cells from the first buffer to a second buffer, and 
d) monitoring a fill level of the second buffer for causing 
a rate of output of the second buffer to be locked 
substantially to the frequency of said predetermined 
service clock of the CBR source application. 
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